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Asymmetric hydrogenation of functionalized olefins
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Olefins without coordinating groups
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| Initial Experiments .
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l Kinetic Studies '
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‘ Effect of the anion I
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KINETIC STUDIES
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Dependence of v, on Alkene Concentration
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Hydrogenation vs. catalyst deactivation: influence of the anion
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Variation of the Catalyst Structure
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Variation of the Phosphinooxazoline Structure
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Pyridine-Phosphinite Ligands
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Synthesis of Bicyclic Pyridine-Phosphinite Ligands
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Practical chromatography-free kinetic resolution with lipase
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Contributions of other groups
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NHC-Pyridine Ligands
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Asymmetric hydrogenation of furans and benzofurans
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Asymmetric hydrogenation of Benzothiophene dioxides
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Asymmetric hydrogenation of indoles
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Hydrogenation of Alkenylboranes
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Tetrasubstituted Olefins

o

2 mol% cat. Ir-1, Hp : 50 bar: 93% ee, >99% conv., 3 h
CH,Cl,, rt 5 bar: 96% ee, >99% conv., 8 h
MeO Me 1 bar: 97% ee, >99% conv., 3 h
> Me

MeO
Me o
2 mol% cat. Ir-2, H, 50 bar: 86% ee, >99% conv., 4 h
Me CH,Cl,, t 5 bar: 94% ee, >99% conv., 8 h
>99% cis
Ph Ph
2 mol% cat. Ir-2, H, @E§‘M 50 bar: 96% ee, 92% conv., 4 h
Me > e : % % .
O‘ CH,Cly, t 5 bar: 94% ee, 78% conv., 8 h
>99% cis
Ph Ph
Me 2 mol% cat. Ir-3, H, Me
> 50 bar: 91% ee, 32% conv., 4 h
CH20|2, rt

0 I+ O 7+ O T+
WP/ <\N j BArg ©\P/ <\N ] BArg e <\N j BArr
% \Ilr/ @ Q \Ilr/ r \!r/ /}\

COD
Ir-1 Ir-2 Ir-3

Eva Neumann, Marcus Schrems



. Ir-4, 50 bar H,
O‘ CH,Cl,, rt, 4h
Me Me
Ir-2, 50 bar H,
Cw - O
CH,Cl,, rt, 4h

>99% cis

2.0 mol% cat.:
1.0 mol% cat.:
0.5 mol% cat.:

0.1 mol% cat.:

2.0 mol% cat.:
1.0 mol% cat.:
0.5 mol% cat.:

0.1 mol% cat.:

94% ee, >99% conv.
93% ee, >99% conv.
93% ee, >99% conv.
90% ee, >99% conv.

86% ee, >99% conv.
86% ee, >99% conv.
83% ee, >99% conv.
79% ee, 91% conv.

O —| +
©\ P/_<\N :l BArg
N/ //
&
CcOD

Ir-2 Ir-4

o

rooz
coD /

Marcus Schrems



Trialkyl-substituted C=C bonds, no heteroatoms, no aryl groups?

a-Tocopherol (vitamin E)
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(R,R,R)-Tocopherol (Vitamin E)
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Enantio- and diastereoselective hydrogenation of farnesol
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Sequential hydrogenation using Ru and Ir catalysts
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Mechanistic Studies



Proposed catalytic cycles
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Activation of the precatalyst
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Rapid enantioface exchange of Ir dihydride alkene complexes
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Rapid enantioface exchange of Ir dihydride alkene complexes

(R)-product (S)-product
minor enantiomer major enantiomer
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Mechanistic Model
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Imine hydrogenation: unexpected mechanistic results
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a,3-Unsaturated Nitriles
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Hydrogenation of electrophilic C=C bonds with base-activated Ir-PHOX catalysts:
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a,3-Unsaturated Nitriles
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o,p-Unsaturated Nitriles
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Selective Hydrogenationof Cyano-Substituted C=C Bonds
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Applications in the Synthesis
of Natural Products



Synthesis of Platensimycin
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Synthesis of the Cucumber Beetle Pheromone Vittatalactone
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Total Synthesis of Macrocidin A
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